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HPC Enabled Simulations of Realistic Models



Unstructured Data Deluge in Peer Review Publications
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Ingesting PDF
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REL GENERIC TRIPLETS
tungsten // to_be__not__attack ambient__temperature // hydrochloric__acid
tungsten // to_be__not__attack ambient__temperature // sulfuric__acid
tungsten // to_be__not__attack ambient__temperature // nitric__acid
tungsten // to_be__not__attack ambient__temperature // hydrofluoric__acid
tungsten // to_be__not__attack ambient__temperature // aqua_regia

“At ambient temperatures, tungsten is not attacked by hydrochloric, sulfuric, 
nitric, and hydrofluoric acids at any concentration, or by aqua regia.”

Semantic analysis: unsupervised generic extraction

Entity Link Entity

text

ADDITIONAL TRIPLETS
hydrochloric // HasType // chemical_substance,_chemical_compound
nitric // HasType // chemical_substance,_chemical_compound
hydrofluoric // HasType // chemical_substance,_chemical_compound



Domain Knowledge Graph



An example of an NEB outcome
From reactants to products (PC degraded by peroxide)

The Propylene Carbonate (PC) may degrade 
in different possible ways.

In 2015, we addressed this problem by 
doing extensive and CPU-intensive DFT 
calculations.

Approximately 2 months 
to complete the analysis 
of the possible 
degradation pathways.

~ 5 Mio CPU-hours 
(BGQ) to generate 
reactive profiles (NEB) + 
100 man-hours for 
analysis and simulation 
assistance

Battery 500

Organic liquid electrolyte 
chemical stability issue

A real case: base-line



US patents

Lowe (2012,
2017)

text-mining

Schwaller et. al. Chem. Sci., 2018, 9, 6091-6098

Forward Chemical reaction prediction

SMILES to SMILES 
prediction 
using sequence-2-
sequence models 

SMILES              to             SMILES

Predictions in short (how a Se2Seq works)

Performance

Currently, best method in FORWARD chemical reaction prediction

IBM RXN 

Chem
istry

for 

research.ibm.com/ai4ch
em

ist
ry

Freely available for everyone:
http://www.research.ibm.com/ai4chemistry

A real case: Data and AI

Released on August 19th at ACS 
Boston. In 10 months (Jun. 2019):
• 6300 users
• 48000 chemical reactions 

predictions



< 6 seconds prediction time for 
possible degradation products

Correct prediction order (Substitution 
more favorable than Addition)

Screening 30 different electrolytes 
using DFT took approximately 6 
months (or 15 Mio seconds).  Using 
the AI model (RXN) for an initial 
screening this would have taken 300 
seconds. Accelerated by 50,000.

A real case: AI benefits



12

Thank you.

Questions ?


